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CHAPTER I 
INTRODUCTION 
Th r have been many theories concerning the identifi­
c tion and remediation of learning disabilities and the re­
I tionshlp of learning disabilities to motor and perceptual 
learning. K phart (1960; 1966), for example, believed in 
the use of a walking board, chalkboard activities, and body 
awarene s activities for developing learning readiness. 
Delacato, Doman, and Doman (1963) used the technique of 
cross-patterned creeping and the establishment of eye, hand, 
and foot dominance in order to modify the nervous systems 
organization so as to assist in increasing cognitive func­
tions, especially those related to reading. Tracing designs 
as a means of developing sensorimotor skills was explored 
by Frostig and Horne (1964), while Cratty (1972) devised 
the theory that moving while practicing academic skills en­
hances learning. 
The theory this paper explores is that a dysfunction 
within the vestibular system can possibly cause difficulty 
in 1 arning. The vestibular system is " ••• a sensory system 
With receptors which respond to graVity and to accelerated 
or dec lerated movement and all major neuronal mechanisms 
influenced by sensory input from those receptors." (Ayres, 
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1918, p. 29) The vestibular system is located in the laby­
rinthine or the nonauditory portion of the middle ear and 
consists of the inner ear, the vestibular tracts and nuclei, 
and portions of the central nervous system (CNS) (Carpenter, 
1916; Ayres, 1912a). 
Scientists and researchers have known about the vestib­
ular system and have recently begun to explore its possible 
effect on learning and learning problems. Research haa 
been conducted on the vestibular system and its influence 
on infants; retarded children; the emotionally disturbed, 
including schizophrenics, the autistic, and behavior disor­
dered; the hyperactive; multihandicapped children; and the 
learning disabled. The focus of this paper is limited to 
the learning disabled child. Since research is relatively 
new in this field, the review of the literature has been 
designed to include the important, currently available re­
search. 
The researchers who have examined this area have not 
yet synthesized their opinions into a single descriptive 
label for disabilities based on vestibular dysfunction. 
Frank and Levinson (1915-1916; 1916; 1916-1911; 1911) iden­
tify these disabilities as dysmetric dyslexia and dyspraxia, 
while Ayres (1912a; 1915) describes the problem as one of 
sensory integration including tactile, vestibular, auditory, 
visual, olfactory, and other proprioceptive systems. Quiros 
(1976) uses the label "vestibular and postural disturbances" 
as well as "vestibular proprioception disintegration." 
Vestibular dysfunction research is both timely and of 
direct importance in the field of learning disabilities. 
According to Quiros (1976) vestibular dysfunction is detect­
able at birth. If the problem can be detected immediately, 
then there is the possibility of early remediation at a 
very crucial point of development. 
Questions raised by this research are: Can information 
regarding vestibular dysfunction be of importance to educa­
tors? How complete is the current research regarding vestib­
ular dysfunction? How can this research be applied to the 
learning disabled population? 
It is the intent of the writer to review the literature 
available in order to synthesize the information written on 
the topic of vestibular dysfunction in learning disabled 
children. 
Definitions 
Definitions of various terms are necessary to the under­
standing of vestibular dysfunction and the research to be re­
viewed. 
1.	 Electronystagmography--the electrical recording of the 
reflex movements of the eyes. Nystagmus reflects the 
influence of the vestibular system on the eye muscula­
ture (Ayres, 1978, p. 29). 
2.	 Hyperreactive or hyperresponsive--a greater or,more pro­
longed reaction or response than is normal (Ayres, 1978, 
p. 29). Quiros (1976) labeled this hyperreflexia. 
3.	 Hyporeactive or hyporesponsive--a lesser reaction or
 
response than is normal (Ayres, 1978, p. 29). Quiros
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(1976) labels this hyporeflexia. 
4.	 Postrotary nystagmus--the horizontal reflex movement of 
the eyes following an abrupt stop after a eries of ro­
tations at a constant velocity (Ayres, 1978, p. 29). 
5.	 Vestibular nuclei--the neural structure receiving most 
of the sensory input from the receptive apparatus, or­
ganizing it and relaying it on to other parts of the 
brain (Ayres, 1978, p. 29). 
6.	 Vestibular system--the sensory system with receptors, 
which respond to gravity and to accelerated or d c ler­
ated movement, and all major neuronal mechanisms influ­
enced by sensory input from those receptors (Ayres, 1978, 
p.	 29). 
7.	 Caloric test--irrigation of the ear with cold or warm 
water, which elicits a vestibular oculomotor reflex 
called 'provoked nystagmus' (Quiros, 1967, pp. 39-40). 
8.	 Dysmetric dyslexia and dyspraxia--a cerebellar-vestib­
ular induced dysmetria or sensory-motor d sp tio­
temporal sequencing and processing disturbance in dy­
namic equilibrium with compensatory forces resulting 
in a diverse spectrum of symptoms in varying states of 
compensation and overcompensation (i.e. reading, writ ­
ing, spelling, arithmetic, drawing, speech, temporal 
orientation, and emotional difficulties (Frank and 
Levinson, 1975-1976, p. 34&37; 1973, p. 692). 
Chapter Two includes information regarding the func­
tion of the vestibular system, symptoms of vestibular dys­
function, instruments used in evaluating vestibular dysfunc­
tion, benefits of vestibular system therapy to learning dis­
abled children, and remediation techniques used. 
CHAPTER II 
REVIEW OF THE RESEARCH 
Anatomical Functions of the Vestibular System 
For an appreciation of the importance of the vestibular 
system, an understanding of its anatomical function and 
effect on the brain is necessary. The vestibular system 
is located in the labyrinthine or the nonauditory portion 
of the middle ear (Carpenter, 1976). The parts of the ves­
tibular system consist of the inner ear, the vestibular 
tracts and nuclei, and portions of the CNS that have neural 
connections with the vestibular tracts and nuclei (Ayres, 
1972a). The labyrinthine contains three semicircular canals 
and two small membranous sacs. The otolith organ consists 
of the utricle and saccule (Carpenter, 1976). Each area 
has a separate function. Semicircular canals are sensitive 
to changes in the "rate of movement", especially rotary 
and angular movements. The utricle and saccule respond to 
head movements, linear movements, and the force of graVity 
(Carpenter and Gernandt, 1959). The saccule is also alert 
to low frequency vibrations (Nobak and Demarest, 1975). 
The vestibular system and it fibers branch out through the 
vestibul r nuclei to the cerebellum and cranial nerves III, 
IV, and VI. It then acts on the extraocular muscles and 
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all spinal levels to influence muscle tone. The cerebellum 
and the vestibular system reciprocally influence each other, 
which enables motor control to take place (Korner and Thoman, 
1970). The vestibular nuclei have a separate role of in­
hibiting and facilitating extensor tonus, facilitating the 
tonic vibration reflex, processing cerebellar impulses, and 
influencing muscle activity with postural movements and bal­
ance (Nobak, Lance, and Burke, 1974). 
The vestibular system functions lie in these areas: 
maintenance of equilibrium, spatial orientation, direction 
of eye gaze, maintenance of a plane of vision dependent on 
head position, and direction of movement. It associates 
the visual, tactile, and proprioceptive sensory input with 
body movement or environmental movement (Ayres, 1972; Car­
penter, 1976). The vestibular system contributes to the 
"energizing" properties of the reticular arousal system. 
Vestibular stimulation can be either highly excitatory or 
depressing, depending on the type of stimulus used in therapy. 
The vestibular system aids an individual in knowing 
whether sensory stimulation is occurring due to body move­
ments or environmental factors. This system enhances an 
awareness of body movements. The combined information from 
the vestibular end-organs, extraocular muscles, and vision 
assist in identifying whether a perceived movement is due 
to motion of the head, of the eyes, or motion of an object 
in the environment. 
The areas in which sensory integration take place, ac­
cording to Ayres (1972b), are the 'brain stem, thalamus, and 
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cortex. It is believed that visual stimuli are processed 
in the brain stem, and that this processing is associated 
with postural and auditory mechanisms. The brain stem is 
responsible for gross motor activities or total body sen­
sorimotor functions and space perception. Reading and the 
use of tools are the tasks of the cortex, but it could not 
operate without adequate brain stem function (Ayres, 1.972a). 
Another concept is that of Frank and Levinson (1.975­
1976). They believe that the cerebellum plays an influen­
tial role in inhibiting, modulating, or slowing down the 
rate at which sensory input is relayed to the cerebral cor­
tex for interpretation. Another function of the cerebellum 
is to maintain foreground and background separation. In 
addition, it must slow down the rate of sensory input and 
maintain and coordinate its spatial and temporal order in 
a manner similar to the cerebellum's function of regulating 
and coordinating motor input. It is also hypothesized that 
the cerebellum modifies motion input, motion sickness re­
sponses, the therapeutic response of dysmetric dyslexics 
and dyspraxics to motion sickness medication; regulates 
oculo-motor reflexes; and modulates the visual, acoustic, 
tactile, and kinesthetic inputs (Frank and Levinson, 1.976­
1.977) • 
Vestibular Dysfunction in Daily Life 
A child with a vestibular dysfunction has difficulty 
in maintaining balance and has trouble integrating vestib­
ular input. This child has frequent accidents causing 
bruises, scrapes, and cuts. Some children lack protective 
extension--the ability to break a fall with the use of onets 
hands. The child may be afraid of heights. Hugging the 
walls, leaning against railings, and eyes cast down is how 
this child could be seen in a school hallway. Postural 
rigidity and muscle tension can be present. Dyplopia, 
lack of depth perception may be present, leaVing the 
world flat and the child open for difficulty with climbing 
stairs, determining the distance of an object, how high to 
step up on a curb, the length of his arm, and whether or not 
he can fit into a particular space. This child can also 
have difficulty crossing the midline, which can be reflect­
ed in his draWing half a circle with the right hand and the 
other half with the left hand. When writing at a desk, it 
may be necessary for the child to turn his head to put 
things in proper perspective. According to Frank and 
Levinson (1975-1976), this child also has letter and word 
reversal problems because of orientation and sequential 
scanning and processing difficulties. These problems can 
be evident in poor handwriting, poor spelling, a disinterest 
in reading, and underachievement in many other academic 
areas. The childts perception of the environment can lead 
to a very low self esteem along with complex emotional prob­
lems. 
Others see this child as shy, withdrawn, inept, and 
odd. When performing a motor actiVity, the child must en­
gage in self talk and many trials before success is gained. 
These conditions can also be present in normal children, 
but they are not as severe a problem as in a vestibular dys­
functioning child. As an example, when riding a bike and 
turning a corner, the child must tell him~elf to turn the 
handle bars and shift weight from one side to the other. 
Parents must also be aware of the possibility that the child 
who has overexagerated fantasies of omnipotence, magical 
and secret beliefs, or feelings of invincibility, may be 
concealing vestibular deficiencies (Shaffer, 1979; Mc Hugh, 
1962). Normal children experience these feelings as well 
at various points in their development, but are not obsessed 
with these feelings as is found in a dysfunctioning child. 
If the child is given encouragement and positive praise 
frequently, compensating for this disability becomes a much 
easier task. On the other hand, one who receives negative 
feedback and is ridiculed, can become anxious, hostile, and 
very discouraged (Shaffer, 1979). 
The most damaging area of vestibular dysfunction is 
its emotional and psychological effects (Shaffer, 1979). 
Frank and Levinson (1975-1976) state that a neurophysiolog­
ical dysfunction, which can be compensated for, may become 
a psychological dysfunction that intensifies with time. 
In a research article by Frank and Levinson (1977), a 
female adult describes feelings and experiences which result­
ed from a vestibular dysfunction (dysmetric dyslexia and 
dyspraxia). The subject felt that the emotional scarring 
encountered was more damaging than any reading or learning 
difficulty confronted. The person experienced difficulty 
in finding proper words, embarrassment due to difficulty in 
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reading recipes or game directions for children, and had 
feelings of ineptness, frustration, being an outsider, need­
ing to be married for the sake of protection, believing 
that accomplishments could not be made alone, and needing 
love and approval. The person shied away from sports ac­
tivities, withdrew from uncomfortable situations, over­
reacted, or reacted to instead of acting upon situations. 
Many adults with dysmetric dyslexia and dyspraxia develop 
phobias, counterphobias, and inhibitions. Frank and 
Levinson (1977) give examples of these conditions. Pho­
bias include fears of travel, heights, motion, tunnels, and 
bridges, to name a few. Inhibitions are displayed in read­
ing, writing, spelling, math, sports, and many other areas. 
As a result of these inhibitions and phobias, counterphobias 
and overcompensated functions are often experienced. 
Testing and Testing Devices 
Ayres (1972b) has devised several tests for determining 
sensory integrative problems of which vestibular dysfunction 
is one. One of these, the Southern California Sensory Inte­
gration Tests (SCSIT) (Ayres, 1972b), involves the follow­
ing catagories: space Visualization, figure ground percep­
tion, position in space, design copy, motor accuracy, kin­
esthesia, manual form perception, finger identification, 
graphesthia (the ability to reproduce a design preViously 
drawn by the examiner on the back of the hand), localiza­
tion of tactile stimuli, double tactile stimuli perception, 
imitation of postures, crossing the midline of 'the body, 
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bilateral motor coordination, right-left discrimination, 
and standing balance (eyes open and eyes closed). This 
test is considered to be one of the more thorough pres­
ently available. 
Kimball (1977) hoped to show a correlation between 
the SCSIT and the Bender-Gestalt Visual Motor Test (Bender) 
so that professionals could use the Bender as a screening 
device. The reason for exploring this possibility was the 
length of time needed to administer and score the SCSIT, 
one hour to administer and one hour to interpret the re­
sults. In the study, Kimball (1977) used twenty-six chil­
dren who were suspected to have sensory integrative diffi­
culties. The tests given were the SCSIT, the Bender, the 
Goodenough Draw-a-Person Test, and the Peabody Picture Vo­
cabulary Test (PPVT). The PPVT, a test of receptive lan­
guage abilities, was given to verify that none of the sub­
jects were retarded. The SCSIT was divided into three main 
areas of emphasis. form and space perception, praxis and 
tactile functions, and postural and bilateral integration. 
The Bender, the Goodenough Draw-a-Person Test, and the form 
and space and praxis and tactile functioning evaluations 
were said to test visual perception. 
It was found that there was not an overall statistically 
significant correlation between the SCSIT and the Bender. 
But when examining the three areas of the SCSIT, it was dis­
covered that form and space functioning and praxis and tac­
tile perception did correlate with the Bender at the .05 
and .01 statistical confidence levels respectively. Since 
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the Bender does not test the area of posture and bilateral 
integration, which includes vestibular functioning, it can 
only be used as a screening device for a probable dysfunc­
tion in form and space functioning and praxis and tactile 
perception. It is felt that this study can not be gener­
alized hecause of the small population sample and the in­
complete information concerning the subjects used by 
Kimball. 
Ayres aleo developed the Southern California Postrotary 
Nystagmus Test (SCPNT) in 1.975 for the detection of vestib­
ular dysfunction. This test is used to measure nystagmus 
whether it is hyporesponsive, normal, or hyperresponsive. 
Hyporesponsive nystagmus duration receives a score of -1..l 
S.D. or lower, normal is -0.9 to +0.9 s. D., and hyperrespon­
sive is +1..1. S.D. or higher. According to Ayres (1.975), 
the child is rotated around the longitudinal axis while 
sitting with the head slightly flexed. Bhatara, Clark, 
and Arnold (1978) report that the deceleration must be 
tI ••• an impulsive, angular decelerative stimulus to the hor­
izontal semicircular canals in total darkness, using electro­
nystagmographic techniquestl(ENG) (p. 31.2). The deceleration 
must happen in less than one second. Total darkness is 
used to eliminate visual stimulation. Stilwell (1.978) and 
Hozman and Levy (1.977) also agree with occluding vision 
(elimination of visual stimuli) because different results 
will be obtained than when visual stimuli are present. 
Blackout goggles are suggested by these researchers. Head 
and trunk stability are also important for accurate results 
(Stilwell, 1978). The electronystagmography (ENG) electri­
I~ 
cally measures and permanently records the subject's eye 
movements through the placement of surface electrodes and 
is used as an alternate to the tester's observations of 
nystagmus (Keating, 1979). 
Bhatara, Clark, and Arnold (1978) give an account of 
nyatagmus patterns following rotation. The movement of the 
eyes begins slowly, up to 1500 per second, and is called 
the slow-phase. The pattern is completed when the eyes 
move rapidly back to their starting position at up to 7000 
per second and is known as the fast-phase or saccade. A 
slow-fast phase may be present as quickly as every 0.2 sec­
onds. When the test is administered in darkness, the slow­
phase decreases to 00 per second in 20-40 seconds. The 
variation depends on the angular velocity preceding the 
impulsive stop. This part of the vestibular stimulation 
is called primary nystagmus. The nystagmus reappears in 
the opposite direction, consists of slow-phase movements. 
This cycle can last up to 250 seconds and is labeled sec­
ondary nystagmus. The primary slow-phase nystagmus is gen­
erally believed to be initiated by the deflection of the 
cupula in the semicircular canal. The speed at which the 
cupula returns to its resting position is thought to be in­
dicated by the rate of decay of primary nystagmus. The 
cupula is a gelatinous flap occluding the lumen of the semi­
circular canal, and acts as a mechanical receptor of angular 
acceleration. Nystagmus reflects a dysfunction of the semi­
circular canals (Keating, 1979). 
In a study be Keating (1979), a comparison was mad~ 
I? 
between the effectiveness of the SCPNT and electronystagmo­
graphy. Keating expected that the ENG would give a more 
effective measurement of nystagmus than the observational 
method of the SCPNT. Keating's subjects included three 
groups: 20 normal females 25-30 years old; 4 normal girls 
7 and 8 years old; and 4 learning disabled girls 7 and 8 
years old. It was found that the amount of eye movements 
was more accurately measured by the ENG, especially because 
some movements are barely discernable through observation 
which is the technique used by the SCPNT. Keating also con­
jectured that the eye movements occurring at the end of the 
test may not be nystagmus, but rather irregular eye move­
ments. The results of the study noted no significant dif­
ferences in the two groups of children using either test­
ing method. This could be due to the fact that one of the 
normal children had a very low nystagmus response. This 
and the small sample size is a possible cause for the un­
expected results. Hopefully, more research will be carried 
on in comparing these two methods of testing for vestibular 
dysfunction. It does seem more reliable to use the ENG 
since more accurate results are obtained and a p rmanent 
record is available for further evaluation of a particular 
child. Information of this type could be useful before and 
after therapy in documenting improvements. 
Stilwell (1978) used a motorized board to check nystag­
mus. This board makes 30 revolutions per minute and could 
be rotated clockwise or counterclockwise. A stationary 
goniometer was devised so that the head position could be 
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measured. A child would sit Indian style, grasp the tront 
edge of the board, and then the board would be rotated. 
Caloric stimulation is another method used to test nystag­
mus reactions as a means of determining vestibular dis­
order (Quiros, 1967; Keating, 1979). 
When examining nystagmus in subjects, their ages must 
be taken into consideration due to the differences in 
speed, frequency, and amplitude of nystagmus in various 
age groups. A total of 334 children and adults were tested 
to establish these relationships (Vande, Loan, and 
Oosterveld, 1974). In the young, nystagmus has a low fre­
quency--repetitions per unit of time, and a high amplitude-­
the distance of eyeball movements. Older subjects ~how the 
opposite, a high frequency and a low amplitude. 
Quiros (1976) believes that a neurolabyrinthine exami­
nation is necessary to determine a vestibular or postural 
dysfunction. This examination should include an assessment 
of vestibular-proprioceptive mechanisms. Caloric and turn­
ing tests are used to determine a dysfunction. 
Quiros (1976) attests to the importance of the neuro­
labyrinthine tests based on these assumptions: 
1.	 The infant gathers information from reflexes and spa­
tial awareness. This information aids in maintaining 
posture, developing equilibrium, and eventually pro­
duces useful motor activities. 
2.	 Because of the nature of the vestibular and propriocep­
tive systems, the neurolabyrinthine exam, which con­
sists of caloric or rotation tests, and postural and 
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ocular tests, is better able to assess functioning. 
3.	 The tests of the neurolabyrinthine exam can be given 
during the first few hours of life and provide informa­
tion as to whether or not neurological development will 
proceed at a normal rate. 
4.	 Learning disabilities may occur when disorders are 
present in the vestibular, proprioceptive, cerebellar, 
or visual areas. 
5.	 When body and spatial awareness is developed, then one 
hemisphere usually controls motor activities and the 
other hemisphere controls communication skills so that 
cerebral dominance is established. 
6.	 When establishment of dominance and normal development 
are delayed, voluntary control is needed to maintain 
posture, equilibrium, and purposeful motor acts. There 
will also be a delay in symbolic development. When 
body and spatial awareness take precedence over symbolic 
work and are themselves inadequate, then the higher 
level circuits are overloaded with body information to 
compensate for these deficiencies. When this occurs, 
the high level circuits can not perform their function. 
7.	 When the child is no longer consciously aware of body 
and spatial information and body percepts take over, the 
symbolic processes can then begin to progress. 
8.	 Characteristics of the learning disabled child include 
restlessness, poor posture, difficulty in sustained 
equilibrium, poor coordination of sequential movements, 
problems in selective attention, difficulty with spatial 
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relations, and slow progress in the development of dom­
inance, and learning to read and to write. 
9.	 Early identification of vestibular proprioceptive dis­
orders could alert parents, teachers, and physicians to 
the need for remedial therapy at a very early age. 
Quiros (1976) has established three criteria for diag­
nosis of vestibular dysfunction. The first criterion is 
the reason for using neurolabyrinthine and vestibular tests. 
1.	 The vestibular-oculomotor pathways are responsible for 
two areas--controlling eye movements and helping to 
maintain the unconscious relationship between motion 
and space, that is equilibrium. 
2.	 If equilibrium is deficient, then volutary control is 
needed to maintain this relationship. The more volun­
tary control is utilized, the more difficult it becomes 
to interpret information coming from the environment. 
3.	 Vestibular functioning can be examined through caloric 
tests which provoke nystagmus. 
4.	 When voluntary control is needed to compensat~ for de­
ficient vestibular proprioceptive systems then estab­
lishment of cerebral dominance is delayed along with 
symbolic processes as described by Quiros (1976) above. 
5.	 In order for a child to be successful in reading, both
 
the vestibular centers and the vestibular-oculomotor
 
pathways must be operating efficiently.
 
6.	 A delay in integrative processes of the vestibular system 
to the cerebellum occur when the vestibular reflexes 
are abnormal. "These functions provide the vestibular­
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proprioceptive feedback which in turn enables the in­
fant to perform a purposeful motor act." (Quiros, 1976, 
p.	 42) 
The second criterion is an appraisal of potential 
skills. This is arrived at by measuring the difference be­
tween assumed neurological skills and achieved performance 
level. 
The last criterion examines exigency responses in 
which environmental conditions are modified, unknown to the 
child. Quiros (1976) describes a board in which a portion 
is hard wood which then changes to soft nylon wrapped in a 
wood like plastic so that the change can not be seen (Quiros, 
1976). When the child steps on the nylon section equilib­
rium must be maintained by postural compenAations through 
the following systems: vestibule-proprioception, kinesthe­
sia, skin, and vision. The results of the test can provide 
data to physicians in order to aid in determining learning 
disabilities, especially in the vestibular dysfunctioning 
child. 
Reflex testing is also used to determine vestibular 
dysfunction in children (Ayres, 1976; Ottenbacher, 1978; 
Jung-Finocchiaro, 1974). The vestibular system is critical 
to the postural response system and this is why researchers 
examine reflex activity extensively (Ayres, 1975). The 
earliest reflexes include flexion of the arms, legs, and 
head. Other reflexes include lifting the head in the prone 
position, the labyrinthine head righting reflex, lifting 
both ends in the prone position (prone extension), and in 
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the supine position (supine flexion) (Ayres, 1975). 
Ottenbacher (1978) 'tested prone extension and supine flexion. 
Each subject is asked to lie in the prone position while 
maintaining a hyper-extended posture. The arms and legs 
were to be flexed and the head held above the supporting 
surface. The supine flexion test required a supine position 
with the arms, legs, and head in a flexed position and held 
above the supporting surface. The prone extension and the 
supine flexion are generally believed to be the opposite of 
the tonic labyrinthine reflex (TLR). The tonic labyrinthine 
reflex can be tested by having the subject hold and main­
tain a pivot-prone posture. This is accomplished by raising 
the head, shoulders, arms, hips, and legs off the floor 
(Jung-Finocchiaro, 1974). The tonic labyrinthine reflex 
eases flexor tone in ~e arms and legs when the subject is 
in a prone position, and extensor tone when the h ad is in 
a supine position. After six months of age, this reflex is 
integrated into the sensorimotor system. Wh n the tonic 
labyrinthine reflex is poorly integrated, it b comes dif ­
ficult to master both the prone extension and the supine 
flexion, which are necessary for later postural responses. 
The tonic neck reflex (TNR) can also interfere with postural 
development if not integrated into the sensorimotor system. 
The asymmetrical tonic neck reflex is test d in the quadru­
pedal position, with elbows slightly flexed. There is in­
creased tone in the extensor muscles of the arm on the side 
to which the head is turned and a reduction of extensor 
tone is exhibited on the opposite side (Ayres, 1975; 
Jung-Finicchiaro, 1974). 
Ayres (1972a) also describes observational tests other 
than the reflex examinations. These include observations of 
the ability to control muscles that are antagonistic to 
each other simultaneously, muscle tone, joint range, extra­
ocular muscles, the integration of the functioning of the 
two sides of the body, and choreoathetoid movements which 
are involuntary movements experienced by some learning dis­
abled children. 
A test devised to show the influence of vestibular sys­
tems on muscle tone used the following procedure: eyes are 
closed and the subject moves his arm up and down, pointing 
to the same spot each time. The labyrinthine is considered 
abnormal if the arm moves from side to side (Jongkess, 1967). 
Frank and Levinson (1975-1976) believe that " ••• a cere­
bellar vestibular dysfunction, a resulting subclinical nys­
tagmus and ensuing ocular fixation and sequential nystagmus 
and sequential scanning dysfunction" (p. 134) can lead to 
dyslexia. For this reason they use a device which measures 
ocular fixation and sequential scanning dysfunction. It is 
a projector which can beam and record the speed of foreground 
and background visual patterns independently. The three 
types of tests used in their experiments are referred to as 
modes. Mode I uses a foreground of black lettered words and 
phrases with a neutral background. Mode II incorporates 
the same foreground as Mode I against a stationary scenic 
background. Mode III consists of a fixed foreground of 
words on which the subject is told to fixate, while a scenic 
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background moves. In these tests the speed is gradually in­
creased until the subject reports·that blurring has occurred. 
Oculo-motor tracking is also observed with each test. 
Frank and Levinson (1976-1977) explain that thetI ••• 
cerebral cortex cannot properly interpret the meaning of a 
rapidly moving scrambled visual imput, once the cerebellar­
vestibular capacity to maintain an optical fixation point 
is exceeded." (p. 135) They hypothesized that tI ••• the 
cerebellum plays a vital role in inhibiting, modulating, 
or slowing down the rate at which sensory input is trans­
mitted to the cerebral cortex for interpretation. In 
cerebellar-vestibular dysfunction the cerebellar inhibit­
ing capacity is impaired; the sensory input speeds cannot 
be significantly reduced prior to cortical reception; and 
as a result, the cortex receives the input at a speed or 
rate beyond its interpretive threshold, and blurring is 
experienced and reported." (p. 135) Dysmetric dyslexic 
and dyspraxic subjects were often found to experience nys­
tagmus during Mode III testing. Subjects reported fore­
ground motion or blurring. Symptomatically and clinically 
this foreground-background nystagmus is revealed through 
reversals, scrambling, or blurring. tlBlurring, scrambling, 
and non-recognition represent the inability of an intact 
cortex to properly understand, see, hear, or feel a sensory 
sequence which is transmitted to it at a rate and in a 
'scramble' beyond its threshold for decoding. tI (Frank and 
Levinson, 1976-1977, pp. 143-144) 
In the testing of learning disabled children, various 
researchers have reported difficulties and advantages of 
rapid rotation testing. Keating (1979) noted a problem 
in testing eye movements since it requires holding the 
head motionless. In the testing of nystagmus, the chil­
dren were required to focus on calibrated dots. Testing 
time was increased since this caused them to either over 
hoot or under shoot the targets. Learning disabled chil­
dren re difficult to obtain precise test results from be­
cause of their short attention spans and behavior problems 
(Ayr s, 1978). Bhatara, Clark, and Arnold (1978) felt 
that vestibular stimulation was advantageous because it 
could be used for a child lacking in motivation or cooper­
ativeness. 
Male-Female Ratio 
According to Frank and Levinson (1975-1976), some re­
se rchers attributed primary dyslexia to sex linked genetic 
factors due to reports that the male/female incidence ratio 
was 2 to 1, 4 to 1, or even higher. However, these studies 
did not take referral age into consideration. 
Their initial research found that the male/female in­
cidence ratio increased from 2 to 1 and 4 to 1 as the initial 
referral age increased, suggesting a non-genetic basis. 
They support this with their findings that blurring speeds 
or scanning ability and reading scores of 'dysmetric dyslexics 
improve with age. 
They report that their findings suggest that: 
1. the male/female incidences of cerebellar-vestibular dys­
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function are the same 
2.	 the 2 to 1 and 4 to 1 ratios are determined by psycho­
logical factors rather than neurological factors 
3.	 the male/female referral ratio is different than the 
male/female incidence of dysmetric dyslexia 
It was further suggested that most children are re­
ferred because of poor reading scores and that while cere­
bellar-vestibular dysfunction contributes to this, it does 
not determine it. They propose that boys with cerebellar­
vestibular dysfunction are more affected by psychological 
factors than girls and that the.se factors cause an inabil ­
ity to compensate for their dysfunction. As a result, boys 
are referred at a greater rate than girls. This also sug­
gests that there are dysmetric dyslexic children who have 
compensated and have escaped diagnosis, study, and treat­
ment. They report that their statistics indicate the in­
cidence of this compensation to be approximately 4 to 5%. 
Since this is the only research available on male/ 
female incidence ratio, further investigation is needed to 
substantiate these findings. The suggestion that boys are 
more readily influenced by psychological factors requires 
more research especially. 
Types of Vestibular Dysfunction Associated 
with Learning Disabilities 
Frank and Levinson (1.975-1976) describe two types of 
dysfunction, primary and secondary dysmetric dyslexia and 
dyspraxia. Primary dysmetric dyslexia and dyspraxia is 
caused by a basic dysfunction of the cerebellar-vestibular 
tracking and orientatinB circuits. It is the result of ge­
netic, infectious, toxic, or traumatic complications. Sec­
ondary dysmetric dyslexia and dyspraxia occurs when normal 
cerebellar-vestibular tracking and orientating circuits fail 
to develop because of severe emotional or cultural stimulus 
deprivation. 
Ayres (1976) has catagorized two types of dysfunction 
that can be diagnosed through the evaluation of nystagmus. 
The first type is called left he~isphere dysfunction and is 
- noted by prolonged or normal nystagmus duration. This type 
does not respond to sensory integrative therapy. The second 
type is called vestibular dysfunction and reflects a reduced 
nystagmus. A dysfunction of this nature can be treated with 
sensory integrative therapy. It is this 8econd type of dys­
function which is explored by this paper. Vestibular dys­
function is further classified into two distinct groups. 
The first type of child receives an inadequate amount of 
vestibular stimuli, or it fails to reach its destination, 
and breaks down the sensory integrative process. It is re­
flected in reduced nystagmus following rapid rotation or 
the lack of a normal feeling of dizziness. The other type 
of child receives too much vestibular stimualtion and has 
difficulty organizing this overload. This child responds 
with fear and is reluctant to participate' in activities 
which require positions that are posturally threatening. 
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Vestibular Dysfunction and Its Effect 
on the Learning Disabled Child 
Quiros (1976) believes that, "Children with vestibular 
disorders and related postural disturbances make up a large 
portion of learning disabilities. Vestibular disorders 
(and Postural disturbances) can produce learning disabili­
ties associated with motor skills, the acqUisition of lan­
guage, and the development of normal cODpetencies in read­
ing and writing. When identified early and alerted to an 
intervention program modifications can negate the influence 
o~ postural disturbances on developing functional systems. 
Thus many learning disabilities could be avoided." (p. 44) 
The importance of vestibular functioning is also reported. 
The " ••• vestibular-oculomotor pathways control the skilled 
movements of the eyes (through extraocular muscles), which 
are essential for establishing the correct shape cognition 
(and, of course, reading) and the correct relationship be­
tween motion and space (and, thus, writing)."(Quiros, 1976, 
p. 40) 
Vestibular dysfunctions are measured by nystagmus, 
that is rapid and slow eye movements. The level of nystag­
mus is determined, through response to vestibular stimula­
tion, generally caloric or rapid rotation tests. 
In research conducted by Quiros (1976) at a 
Buenos Aires school, 52 out of 63 children, identi!ied as 
learning disabled without any known cause,. were found to 
have an abnormal vestibular response to the caloric test. 
Quiros (1971; 1973) states that this disorder is associated 
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with caloric hyporeflexia, restlessness from internal stim­
uli (versus external stimuli which hyperactive children 
respond to), motor problems in reference to reading and 
writing, and a loss of interest in academic information. 
Ayres (1977) has also found a relationship between 
nystagmus and learning disabilities. A group of U.6 learn­
ing disabled children, 6 to 10 years old, were given the 
Illinois Test of Psycholinguistic Abilities (ITPA), the 
Wechsler Intelligence Scale for Children (WISC) or the 
Stanford-Binet Intelligence Scale (Binet), the Flowers­
Costello Test of Central Auditory Abilities, the Wide Range 
Achievement Test (WRAT), and a dichotic listening test along 
with the SCPNT. One half of the children had low SCPNT 
scores suggesting a relationship between learning disabil­
ities and hyporeactive nystagmus. However, it was also 
learned that the children in this study with hyperreactive 
nystagmus were more neurologically impaired and scored low­
er on the auditory-language tests administered. Therefore, 
Ayres does not propose that the results of the investigation 
be generalized. It should also be noted that the revised 
version of the WISC (WISC-R) should have been used for 
valid results. 
In 1978, Ayres published the results of a study in­
volving 128 learning disabled children. The areas examined 
and tested weres height, weight, I.Q., academic achieve­
ment, auditory language processes, muscle tone, eye pur­
suits, postural responses, flexion patterns, somatosensory 
perception, motor planning and execution, bilateral motor 
coordination, crossing of the midline, contralateral hand 
use, and visual space perception. The children were placed 
in three groups: hyporeactive nystagmus of -1.1 S.D. or 
lower on the SCPNTj normal duration -0.9 to +0.9 S.D.; and 
hyperreactive +1.1 S.D. or higher. The low and high Bcores 
indicate an abnormality and are therefore unfavorable scores. 
In this study of the children 50% showed depressed scores 
on the SCPNT. Testing of a randomly selected population 
resulted in only 14% receiving depressed scores. 
When the means of the test scores for each group were 
examined and compared, statistical significance was not 
reached in any comparison. However, a pattern did emerge. 
The children with average or hyporeactive nystagmus were 
physically, intellectually, and academically better than 
the children with hyperreactive nystagmus, as found pre­
viously in a 1977 study by Ayres. Even though the hypo­
reactive nystagmus group scored better than the hyperreac­
tive group, their scores were below age level in the aca­
demic area and in auditory-language functions. Results 
suggest that a left cerebral hemisphere dysfunction may be 
present in the hyperreactive child along with a general 
disorder. Ayres (1978) explains,"Hyperreactive nystagmus 
may be a release phenomenon reflecting les8 than normal in­
hibition from higher levels of the brain upon the vestibular 
nuclei in the brain stem." (p. 25) Again, the hyperreactive 
condition is more apt to be indicative of a cerebral dys­
function and/or more generalized dysfunction than is the 
hypo reactive condition. 
Frank and Levinson (1976-1977; 1977) have shown a re­
lationship between spatial orientation and blurring, which 
can affect reading skills. These researchers do not believe 
that dysmetric dyslexic and dyspraxic children have a read­
ing problem known as agnosia, but rather that they experi­
ence difficulties in orientation, sequential scanning, and 
processing impairents which cause letter and word reversals. 
Theee children also have difficulty in left and right dis­
crimination. The prognosis for these children to learn to 
read is good. In fact, many achieve fulfilling lives by 
overcompensating for their spatial orientation difficulties. 
However, deprivation of emotional and cultural stimulations 
may be harmful. Children with dysmetric dyslexia and dys­
praxia can compensate academically if character disturbances 
are not present. Character disturbances can manifest them­
selves in illegible handwriting, poor spelling, and a dis­
interest in reading. These characteristics are also found 
in normal children, but in the dysmetric dyslexic and dys­
praxic children these conditions are more severe and n t 
easily remediated. 
Researchers Frank and Levinson (1975-1976) contend 
that the condition of cerebellar-vestibular dysfunction is 
initially a neurophysiological dysfunction, which can be 
compensated for, and that it becomes a psychologic 1 dys­
function which intensifies as time progresses. It has also 
been noted that the degree of dyslexia is not dependent on 
the degree of the person's reading problem, but rather the 
reading problem is dependent on the severity of the 
cerebellar-ve~~ibular disorder, emotional and education 1 
conditions, intelligence, and the child's ability to com­
pensate. 
In a study reported by Frank and Levinson (1975-1976), 
1000 children with signs and symptoms of cerebellar­
vestibular disorganization were tested. Symptoms included 
difficulty in tandem walking, articulation disord rs, 
dysdiadochokinesis, and hypotonia. V rioue dysmetric or 
past-pointing disturbances during finger-to-nose., h l-to­
toe, writing, drawing, and ocular fi~~tion and scanning 
tests were also observed. The Goodenough-H rri Dr wing 
Test and the Bender designs revealed spatial orientation 
problems. Subject rotated cards or turn d th ir bodies or 
heads. They also had difficulty. in drawing angular forms. 
Evaluation of 250 of these children revealed that 97% h d 
evidence of cerebellar-vestibular dysfunction. In a ec­
ond study conducted by Frank and Levinson (1976) with 72 
dysmetric dysleXics referred for ENG, it wa found th t 
85% had some type of vestibular dysfunction, and 20% how­
ed subclinical nystagmus, that is positional and/or spon­
taneouB nystagmus. 
In both studies, it was learned that dysm tries have 
a slower-paced blurring speed th n norm 1 children. Th 
dysm tric dy lexic and dyspraxic child ha probl ma in 
fixating becaus th ye is pulled off th focal point. 
In th cases with clinical nystagmus, th childr n h d an 
unstable optical fixation, while the subclinical case i 
able to compensat and decrease nyetagmus (Frank and 
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Levinson, 1.976). Blurring speeds of the dysmetric dyslexic 
and dyspraxic subjects increased with age and generally be­
came normal between 1. 0 and 1.2 years of age. Using three 
modes with foreground and baclcground variations, Franlc and 
Levinson (1.975-1.976) found that in the third mode (fixed 
foreground of words with a moving scenic background), dys­
lexic children experienced foreground movement while the 
normal children did not. The third mode was more difficult 
to track than the first and second modes, because it appar­
ently used a different cerebellar-vestibular tracking cir­
cuit. 
Frank and Levinson (1.975-1976) have suggested various 
causes for cerebellar-vestibular dysfunction. These causes 
could be delayed maturation of the cerebellar-vestibular 
circuits, which may be genetically dete.rmined over millions 
of years. Immunology patterns could make some families 
susceptible to viral, toxic, or allergic dysfunctions of 
the labyrinthine-vestibular-cerebellar circuits. Ear in­
fections or the medications prescribed to treat such dif­
ficulties might cause damage to the system, because of its 
location. Deprivation of emotional and cultural stimulation 
may also be harmful and be a cause of a cerebellar-vestib­
ular dysfunction. 
Frank and Levinson incorporate a different testing ap­
partus than do other researchers, through using a blurring 
technique rather than through rotation or caloric stimula­
tion. It appears that nystagmus is induced through visual 
stimuli rather than through rotation or caloric stimulatio~. 
If this is the case, it would be valuable to know the opin­
ions of other theorists on this approach. However, this 
work is of interest and relevant because of the researchers' 
contention that the dysfunction of dysmetric dyslexic, and 
dyspraxic populations is associated with the cerebellar­
vestibular system. It would be necessary to see further 
research by others before completely accepting this method 
of testing. 
Ayres has performed extensive research in this area 
and feels it is worthwhile purSUing knowledge concerning 
the vestibular system since sensory integrative therapy is 
often used in perceptual motor training and could play a 
significant role in the function of the brain (Ayres, 1972a). 
Ayres (1975) defends the idea that perceptual motor func­
tioning is related to academic learning and believes the 
reason that several researchers have received unprecedent­
ed criticism are: 1. Only a few isolated procedures were 
explored rather than the total theory. Generally, the 
neurobiological research on sensorimotor functioning was 
not included. 2. There was a lack of understanding of 
the theory upon which the research is based. and 3. The 
researchers fail to match the child's specific sensorimotor 
dysfunction to an appropriate remedial program. 
One major problem with past research is that the in­
dividual differences of the children were not taken into 
consideration. Often, the various types of learning dis­
abilities had not been evaluated. Another difficulty is 
in the nature of the educational approach used in research. 
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There are two approaches, either to teach the ekill or to 
create activities that will aid in the development of neural 
integration. It is the opinion of Ayres (1975) that the 
second approach is superior to teaching the skill. Com­
pensation is also an important factor involved in the learn­
ing process. Frank and Levinson (1975-1976; 1976-1977; 1977) 
state throughout their research that a cerebellar-vestib­
ular dysfunction can be compensated for and that the amount 
of compensation achieved can make the difference between 
academic success or failure, if psychological factors are 
not present. 
Ayres (1975) believes perceptual or sensory integra­
tion development connected with motor learning must occur 
before the child is ready to read. Academic difficulty may 
be related to poor sensory development and motor growth 
processes. 
As a theorist and researcher, Ayres (1972b) has shown 
the importance of efficient sensory integration for aca­
demic learning. One study she has performed involved the 
testing of 148 public school children. One half were from 
an educationally handicapped class and the balance were in 
regular classrooms receiVing individualized instruction. 
The tests used included neuromuscular tests, portions of 
the SCSIT and the ITPA, all of the WRAT and the Slosson 
Oral Reading Test (SORT). The children were also given 
a score on five snydromes of dysfunction--postural, ocular, 
and bilateral integration; praxis; function of the left 
side of the body; form and space perception; and auditory­
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language function. Children having low sensory integration 
scores were used in the study. The study divided the chil­
dren into two groups. The first group consisted of 31. ex­
perimental SUbjects who received therapy, and 37 control 
subjects who did not. These SUbjects were not necessarily 
low in aUditory-language functioning. The second group con­
tained 13 experimental subjects and 21 control subjects who 
had auditory-language deficits, but were without signifi­
cantly low scores in the other four syndromes. 
It was found that younger children in all groups showed 
greater academic improvement than older ones in all groups. 
The improvement of the experimental subjects exceeded that 
of the control subjects in the group with general dysfunc­
tions. However, only improvement in the reading portions of 
the WRAT reached statistical significance at a P-value of .003. 
The auditory-language deficit experimental subjects 
also improved more than did the control subjects. In this 
group, the improvement in the reading portion of both the 
WRAT and the SORT reached statistical significance, P-values 
of .005 and.007, respectively. The spelling portion of the 
WRAT approached statistical significance with the control 
subjects exceeding the experimental subjects. 
. Ayres (1972b) has developed a hypothesis to account 
for the improved reading capabilities of the experimental 
groups. It is proposed that " ••• the carefully controlled 
sensory input through vestibular and somatosensory systems 
enhanced the capacity of the brain for intersensory inte­
gration between these sensory modalities and the visual 
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and auditory inputs that were a natural component of the 
gross motor experience employed to elicit much of the stim­
uli. Mechanisms ~or these integrative processes exist in 
the brain stem, thalamus, and cortex. It is believed that 
considerable processing of visual stimuli occurs in the 
brain stem and that at that level it is intimately associ­
ated with postural and ocular mechanisms. It is further 
hypothesized that normalization of postural mechanisms 
organized in the midbrain enable better cortical interhemi­
spheral communication, upon which reading must be qUite de­
pendent. The postulate is derived from the fact that chil­
dren with certain types of sensory integrative deficits 
have difficulty in integrating the sensorimotor function 
of the two sides of the body and this problem is amelio­
rated when postural mechanisms are normalized." (p. 34) 
Ayres (1972b) states that this research is valuable 
because it uses sound methodology. The children are group­
ed and treated according to their type and degree of dys­
function. However, the number of subjects tested appears 
to be insufficient to permit the establishment of definite 
conclusions. In addition, the WRAT reading subtest used 
is probably not a true test of reading ability, but rather 
an exercise in word recognition. 
Another study consisted of 92 subjects, 46 experimen­
tal and 46 control (Ayres, 1978). The children were all 
considered learning disabled on the basis of their academic 
achievement being below their intellectual capacity. These 
children with average or above average intelligence were 
unable to profit from a regular classroom placement and 
their difficulties often involved behavioral factors. The 
tests given included the SCSIT, the SCPNT, intelligence 
tests (usually the Stanford-Binet or the WISC), measure­
ments of postural and ocular responses, and indications of 
lateralization. Some children were also given portions of 
the ITPA, the Flowers-Costello Tests of Central Auditory 
Abilities, the WRAT, the SORT, and a dichotic listening 
test which presented syllables in a dichotic form, with 
the exception that only one response was requested instead 
of the usual requirement of paired responses. 
The control group remained in the classroom while the 
experimental group participated in therapy, either individ­
ually or with one other child. The children received a half 
hour of therapy, five days a week, except for vacations, 
over a period of six months. The therapy consisted of 
vestibular, tactile, and proprioceptive stimulation and 
activation of mechanisms involving these systems. 
Results indicated that auditory-language problems were 
best predicted by the ITPA, while duration of postrotary nys­
tagmus was the best predictor of changes in the reading and 
spelling scores on the WRAT and of scores on the dichotic 
listening test. Experimental children with a hyporesponsive 
reaction to vestibular stimulation made greater gains than 
those which did not react hyporesponsively. Within the con­
trol group, fewer hyporesponsive nystagmus children showed 
gains. One factor which must be taken into consideration 
is that the hyporesponsive chilren of the experimental 
group were relatively more intelligent. Ayres, however, 
draws the conclusion that those with hyporesponsive nys­
tagmus are less likely to profit from special education 
only, as compared to special education in conjunction with 
therapy. 
Another portion of this research with learning disabled 
children used 23 experimental and 23 control subjects and 
also found that a greater number of experimental subjects 
with hyporesponsive nystagmus made improvements than did 
control subjects with hyporesponsive reaction. However, 
in this study children with average nystagmus duration also 
responded positively to sensory integrative therapy. 
Ayres (1978) conclude~ that sensory integrative therapy 
facilitates academic achievement for hyporesponsive chil­
dren. Furthermore, hyporesponsive nystagmus can be a good 
predictor of sensory integrative dysfunction due to the 
lack of achievement demonstrated by the control group and 
the favorable achievement of the experimental group who re­
ceived the sensory integrative therapy in addition to spe­
cial education. 
Language and its relationship to vestibular dyefunction 
has also been explored by Quiros (1976), Stilwell, Crowe, 
and Mc Callum (1978), and Ayres (1978). Learning disabled 
children can experience language difficulties. Quiros (1976) 
describes the relationship between language and the vestib­
ular system as follows: "Proprioception and the vestibule 
have a closely linked anatomo-functional relationship and 
intervene basically in furnishing adequate information with 
respect to the body itself (muscular tonus, posture, etc.) 
and with the stimuli of the immediate environment. This in­
teraction of information is a fundamental requirement for 
the later development of learning particularly learning 
connected with human communication." (p. 40) 
A study done by Ayres in 1972 and referred to in her 
1978 work suggested a relationship between language and 
sensory integrative disorders. 
In 1978, Ayres tested 92 learning disabled children 
(previously noted in the discussion of academic skills). 
47 of which had auditory-language deficits. It was found 
that 55% of those with aUditory-language problems had hypo­
reactive nystagmus. Some of the children who had a normal 
nystagmus duration showed inadequate postural-ocular re­
sponses which may also imply a vestibular dysfunction. 
Ayres reports an association between oral-language 
deficits and more extensive neurological disorders, espe­
cially those associated with the vestibular and postural 
systems. The children scoring at their language age had 
a lower frequency of hyporeactive nystagmus. The number 
of children with hyporeactive nystagmus did not differ 
appreciably between the language deficit and non-deficit 
groups. Ayres states that a relationship between language 
and the vestibular system can not be established through 
this study and again calls for more research. 
Stilwell, Crowe, and Mc Cullum (1978) conducted a 
study in which they examined articulation problems, speech 
and language disorders, and language disabilities. An 
articulation problem is the lIinability to produce sounds 
used in the production of speech. The errors are comprised 
of omissions, substitutions, and/or distortions of sounds 
used to produce words." (p. 223) Speech and language dis­
orders are " ••• a delay in the acquisition of spoken lan­
guage. Often deviations in sound, syllable, and/or word 
patterns affect the manner, quality, and quantity of speech 
production. 1I (p. 223) Children follow a slow but normal 
pattern of development. A language disorder is " ••• a dif­
ficulty in learning the semantic and/or syntactic aspect 
of the symbolic communication system. 1I (p. 223) Children 
with this disorder do not follow a normal developmental 
sequence. 
With 111 children having one of the above language 
disorders in an experimental group and 62 children with­
out language dysfunctions in a control group, a study was 
devised to test the relationship between communication dis­
orders and postrotary nystagmus. The tests administered 
were the SCPNT, the Fisher-Logan Test of Articulation Com­
petence, the Laura Lee Language Sample, and the Carrow Test 
for Auditory Language Comprehension. The motorized board 
described on pages 15 and 16 was used. The experimental 
group displayed a statistically significant lower nystagmus 
rate than did the control group and had difficulty in main­
taining balance once the board ceased rotation. Because of 
the lower nystagmus rate found in the experimental group, 
it is believed that language acquisition is related to sen­
sory integrative dysfunction and depressed duration of 
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postrotary nystagmus. Therefore, Stilwell~ Crowe, and 
Mc Cullum believe that the learning disabled child with 
depressed nystagmus scores needs to receive special atten­
tion. 
The validity of these findings is somewhat dependent 
upon the technique used to record nystagmus. The observa­
tional methods of this research do not have the effective­
ness and accuracy of electronystagmography. In addition, 
even though children in two of the catagories (articulation 
problems and those with speech and language disorders) had 
similar nystagmus ratings, their ratings were significantly 
higher than the third group, language disabled children. 
As such the generalization of these findings to all lan­
guage difficulties is questionable. Therefore, further 
research is needed in order to substantiate this relation­
ship between vestibular dysfunction and language difficul­
ties. 
Muscle tone and its relationship to vestibular dys­
function was investigated by Ottenbacher (1978). The sub­
jects used were medically and educationally. diagnosed as 
having a learning ·disability, minimal brain dysfunction, 
or perceptual-motor disorder. The subjects consisted of 
73 males and 19 females between the ages of 53 and 120 
months (4.5-10 years old). The SCSIT, the SCPNT, assess­
ment of postural mechanisms, and reflex integration were 
used in evaluation. The study found that those children 
with depressed nystagmus evidenced some degree of hypo­
tonicity and those with normal or above nystagmus rates 
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exhibited normal muscle tone. The study also showed a re­
lationship between muscle tone and SCPNT and that the SCPNT 
was the best predictor of the prone extension posture. The 
validity of this research appears questionable, especially 
since a control group was not used. This investigation is 
also the only research found which examined this relation­
ship. Again, more research is needed. 
Several researchers have also shown a relationship be­
tween vestibular dysfunctioning and behavior problems. 
Some learning disabled children display behavior problems, 
usually due to their difficulty in learning and their aware­
ness of their problems. 
Jung-Finocchiaro (1974) studied the behavioral charac­
teristics of learning disabled children with postural re­
flex dysfunctions. This study used a small population of 
18 males, 12 experimental subjects with a dysfunction and 
6 control subjects without a postural reflex dysfunction. 
The age span was 6.0 to 11.2 years old. These children 
were from a middle class population and in their first 
year of special education with I.Q. scores of 85-133. The 
dysfunctioning children were said to have perceptual prob­
lems and motor incoordination. Neurotic behaviors, motor 
incoordination, immaturity, and a short attention span 
were recognized through neurological examination, case his­
tories, and psychometric data, including behavioral. Their 
classroom teachers rated the children on the Devereux Ele­
mentary School Behavior Rating Scale by Spivak and Swift 
(1967). It contains 11 behavioral factors, three of which 
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are positive factors. The following factors were evaluated: 
classroom disturbance, irrelevant-responsiveness, impatience, 
disrespect-defiance, external blame, achievement anxiety, 
external reliance, and inattentive-withdrawal, along with 
the three positive factors which are: creative indication, 
comprehension, and needed closeness to the teacher. The 
boys' parents also rated them on a behavior checklist by 
Qudy and Peterson (1967). The teacher evaluations found 
the experimental group having postural reflex dysfunctions, 
to have statistically significant lower ratings than the 
control group in the areas of external reliance. Ratings 
approached significance in the area of inattentive-withdrawn. 
The positive factors were higher for the control group, but 
did not reach statistical significance. In the parent eval­
uation, the experimental group was rated significantly low­
er in conduct disorders (rowdiness, irresponsibility, dis­
tructiveness, irritability, and a dislike for school) and 
in inadequacy-immaturity (short attention span and laziness). 
Personality disorders, such as feelings of inferiority, anx­
iety, and social withdrawal were also statistically lower 
in the experimental group, but to a lesser degree than the 
previous two areas. 
Older children displayed more problems, especially in 
the areas of classroom disturbance and disrespect-defiance. 
The three positive factors were also found to decrease with 
age. 
This study can not be considered as conclusive because 
of the small population. It would be interesting to hear 
the reasoning o~ the researchers for including needed close­
ness to the teacher as a positive factor, because it is 
felt that independence is important for children. The re­
sults concerning older children.should be examined more 
closely. These children were only in their ~irst year of 
special education, which would indicate that the older chil­
dren may have experienced more years of frustration and 
failure than the younger children included in this investi­
gation. This could very well be the explanation o~ these 
results. An informative project may be to compare two 
groups of approximately 10-year-old children, one group 
with early intervention and remediation, and another group 
with late intervention. 
Ottenbacher, Short, and Watson (1979) examined 31 boys 
and 14 girls between the ages of 51 and 114 months (4.3­
9.6 years old). These children were referred to a reha­
bilitation clinic for testing and treatment by a physician. 
A medical and/or educational diagnosis of learning disabil­
ities was also made. I.Q. scores ranged from 80 to 120. 
The SCPNT was used along with a behavioral rating scale 
completed by the children's teachers. The results showed 
that girls with hyporeactive nystagmus are more likely than 
girls ~ithout hyporeactive nystagmus to have inappropriate 
behaviors, but the researchers state that this information 
is not conclusive 
~ 
because of the small number of girls in 
the study. The younger children, both boys and girls, had 
a slower rate of nystagmus than the older children, but the 
difference was not statistically significant. The teachers 
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also rated the boys poorer in behaviors than the girls. 
The boys who were rated as having socially inappropriate 
behaviors had lower nystagmus durations than boys rated 
socially appropriate. The researchers state that, at this 
time, it is not possible to claim that vestibular-oculomotor 
deficits measured by the SCPNT cause behavior problems. 
However, the research is suggestive of such a conclusion. 
It is obvious that continued research is needed to 
determine the effect of vestibular dysfunction on the learn­
ing disabled child. Studies have found that relationships 
between vestibular dysfunction and learning disabilities 
exist and theories in this regard have been proposed. How­
ever, these proposals require validation through further 
study using larger populations and more thorough followup. 
Care must also be taken to use the best possible methods 
and tests for evaluation. 
Remediation 
There are two main theories of remediation for vestib­
ular dysfunction, one proposed by Ayres and the other by 
Frank and Levinson. Ayres (1972b; 1975) uses sensory inte­
grative therapy while Frank and Levinson (1975-1976; 1976­
1977; 1977) attest to the effectiveness of anti-seasickn ss 
medications and ocular motor exercises. 
Ayres (1972a) states that, 
••• it is not claimed that sensory integrative
therapy eliminates the underlying cause of 
inadequate neural organization and .resultant 
learning disorders. Rather, this therapy is 
seen as mitigating some of the conditions, 
usually arising from unknown causes, that 
directly interfere with learning. Normal­
izing these conditions aids in altering the 
underlying neurological dysfunction. Only 
some of the neurological dysfunctions are 
influenced by this approach. (p. 2) 
The	 objective of sensory integrative therapy is " ••• pro ­
gressive organization of the brain in a method as similar 
to the normal development as possible." (Ayres, 1972a, 
p. 114) 
The developmental sequence, which Ayres (1975) has 
devised for use in individualized therapy, is as follows: 
1.	 Improve sensory integration in general--especially of 
the tactile and vestibular systems. 
2.	 Enhance maturation of postural responses and related 
proprioceptive mechanisms. 
3.	 Develop praxis or the capacity to motor plan. 
4.	 Encourage interaction of the two sides of the body. 
5.	 Develop form and space perception. (p. 318) 
Tactile stimulation takes place by rubbing or brushing 
the skin with such things as cloth, a vibrator, or camel's 
hair brush. Vestibular stimulation incorporates rotating 
activities at the level at which the child is able to or­
ganize the sensory input received. A net hammock, with both 
ends hung from a common point, can be used either to spin 
the child or to allow the child to control the spinning. 
Children can also be spun on a scooter board which has free 
moving casters. Trampoline activities are also useful in 
activation of the vestibular system. 
In order to enhance and foster development of postural 
muscles, tactile stimulation can be used to activate the 
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supine flexor and the prone extension posture. The prone 
extension posture may be activated by riding a scooter 
board down an inclined board. Activities are used to pre­
pare the eNS to begin responding to difficult activities. 
In order to improve the child's total sensory integration, 
it is necessary to integrate certain reflexes by inhibiting 
primitive ones and encouraging equilibrium and righting re­
flexes. 
Motor planning of praxis is also dependent on sensory 
integration. Tactile stimulation is used to enhance sen­
sory modalities. When sensory integration is improved, the 
child is more capable of handling gross motor patterns and 
differentiating these patterns from those that are fine 
motor s]eill patterns. In other words, gross motor patterns 
should be established prior to developing fine motor skills. 
If gross motor planning and postural reactions are 
established, then the nervous system will automatically 
integrate movements of both sides of the body. Some activ­
ities to develop the use of both sides of the body are 
Kephart's (1.966) chalkboard activities and activities in­
corporating flag waving. 
Form and space perception is related to the develop­
ment of postural responses and motor planning. The concept 
of space begins at birth with the development of the vestib­
ular system which; along with the tactile system, is one 
of the first to develop. Vision and movement are important 
to the development of space and form perception. In order 
to normalize these two perceptions, vestibular, postural 
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and ocular activities are used in therapy. 
Caution is advised when using rapid rotati0n therapy. 
It is possible ~Dr the subject to experience a direct and 
immediate depressing effect on the respiratory system and 
it quickly influences the vasomotor neurons (Yemel'yahov 
and Raztimeyev, 1972). This reaction causes a flushing of 
the skin. Vestibular stimulation can also cause a decrease 
in heart rate or nausea (Pomerlear-Malciut and Clifton, 
1973; Ayres, 1975). If a child is receiving stimulation, 
the following symptoms should be watched for: flushing of 
the skin, nausea, sweating, a lowered level of conscious­
ness, or any reduction in respiration. When these signs 
are accompanied by stimulation, rotation therapy should be 
stopped and the length of time should be shortened at the 
next session. 
Another negative side effect can be hyperexcitability. 
Excitement usually and probably should accompany successful 
rotation therapy, but the child should be calm again 30 
minutes after the session (Ayres, 1972a; 1975). Ayres 
(1975) states in clinical reports that rotation may cause 
seizures in a child prone to seizures. Bhatara, Clark, and 
Arnold (1978) advised administering vestibular stimulation 
cautiously to those children with a history of seizures. 
The greatest potential harm can occur from over inhibition 
of the brain, but this is a rare occurrance (Ayres, 1972a). 
When given more stimulation than the child can handle, 
he is unable to adapt or to respond in a manner that leads 
to postural stability. The child becomes fearful and feels 
threatened. It is suggested that the amount of stimulation 
given be limited to that which the child can respond to 
and is able to organize (Ayres, 1975). 
Ayres (1975) states that one neuron is capable of 
responding to more than one sensory modality so that the 
brain can utilize·.and organize input from several sources. 
Therefore, stimulating two or more sensory modalities is 
more effective than stimulating one modality. The sensory 
modalities that usually interrelate are the visual, audi­
tory, tactile, vestibular, and the other proprioceptive 
senses excluding olfactory and gustatory. These senses 
are often aroused by movement and this is the reason that 
movement is an integral part of sensory integration devel­
opment. The sensations from the skin, muscles, joints, 
gravity, and movements have receptors distributed in areas 
of the cortex relating to academics. The auditory, visual, 
and motor stimulation of the cortex affects academic areas. 
Both auditory and visual perception are necessary for 
academic learning and are dependent on tactile, vestibular, 
and other proprioceptive functions. Movement is the most 
powerful organizer of sensory input. "Motor responses im­
pose organization upon sensory input, and this may be one 
of the major ways in which motion contributes to the foun­
dations of learning." (Ayres, 1975, p. 323) 
Frank and Levinson (1975-1976) have proposed other 
forms of remedial treatment. One method briefly described 
used "ocular motor facilitation exercises" (p. 42) at a 
blurring speed so that cerebellar-vestibular or ocular­
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motor tracking would be activated. They also reported the 
designing of a reading program which requires very little 
scanning and as such prevents a scrambling affect. 
However, the technique which they have presented in 
detail is the use of seasickness medications such as cycli­
zine (Marezine), meclizine (Antivert), dimenhydrinate (Dram­
amine), diphenhydramine (Benadryl), and rnethylphinedate 
(Ritalin and others) (Frank and Levinson, 1977). In 1977, 
250 dysmetric dyslexics and dyspraxics and 30 mixed dysmetric 
dyslexics and dyspraxics were treated with one or more of 
the above drugs. A mixed dysmetric dyslexic and dyspraxic 
is described by Frank and Levinson (1977) as having addi­
tional eNS impairment. They found favorable responses in 
one third of the subjects. The information was obtained 
through a recording of the subject's personal experiences. 
One case study reported improvements in spatial orientation, 
a motivation to read, improved coordination, and improved 
recall. When the child was taken off of the medication, the 
previous problems returned and the change was noticeable im­
mediately. Areas in which improvement was experienced by 
the subjects collectively and in which responses to medica­
tion were found to be favorable were: reading; writing; 
arithmetic; spelling; directionality; spatial organization 
and planning; balance and coordination; foreground-back­
ground activity; speech; sequence activities and memory; 
time sense; concentration and state of consciousness; moods; 
self-image; body image; frustration tolerance; anxiety tol­
erance; socialization; acceptance of the syndrome; dysmetric 
dyslexic and dyspraxic phobias, inhibitions and counter­
phobias; and character development. 
As a result of their research Frank and Levinson (1976­
1977; 1977) believe: 
1.	 Motion sickness is a cerebellar or cerebellar-vestibular 
dysfunction. 
2.	 Antimotion sickness medications and many of the anti ­
nauseant and antimetics are cerebellar or cerebellar­
vestibular harmonizing agents. 
3.	 Cerebellar or cerebellar-vestibular harmonizing agents
 
are effective in dysmetric dyslexics and dyspraxics.
 
4.	 Cerebellar or cerebellar-vestibular harmonizing agents 
are or can be effective in diminishing cerebellar symp­
toms of various types. 
5.	 The therapeutic use of these cerebellar-vestibular har­
monizing agents can be useful in investigating the 
function and dysfunction of the cerebellar and cerebellar­
vestibular circuits in dysmetric dyslexic anddyspraxic 
individuals. 
Drawing these conclusions from a study in which only 
one-third of the subjects reported positive effects does 
not seem to justify accepting anti-motion sickness medica­
tion as a completely valid treatment. The researchers 
should have at least qualified their statements by limiting 
their remarks to the conclusion that anti-seasickness and 
anti-motion sickness medications could be helpful to some 
dysmetric dyslexics and dyspraxics. The study is also un­
clear as to whether all of the subjects were children or if 
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some were adults. Again, it would be helpfUl if indepen­
dent research were performed using the medications advocated 
by Frank and LeVinson. 
In addition, a brief remediation theory has been de­
scribed and. labeled by Shaffer (1979) as the "remediation 
of vestibular dysfunction as a psychobiological phenome­
non." (p. 91) The following elements are included: a 
safe enVironment; remediation activities which stimulate 
pleasure; the importance of not overestimating the body 
and gradually introducing exercises; and positive, nurtur­
ant, and supportive feedback. In addition,reevaluation of 
the child's self-concept, beliefs about life, and the 
world should take place. The child should feel safe when 
aroused or out of control and, therefore, individual and 
family psychotherapies may be necessary to redefine the 
child's self-concept and feelings toward the world. Evi­
dently, clinical research has not been performed on the 
effectiveness of Shaffer's approach and as such this infor­
mation can only be presented as suggestive. 
Recommendations and Conclusions 
Ayres (1978) points out that vestibular stimulation 
should only be used by trained professionals because of its 
high degree of technicality and the possible side effects 
involved. Additional damage may be incurred since negati~e 
responses to the therapy may increase children's fear of 
their vestibular function difficulties. In the case of 
Frank and Levinson's remediation drugs, a physician should 
definitely administer and monitor the medications. 
Since qualified personnel are needed to administer 
vestibular therapy, the educator's role would be to refer 
for therapy. The children most likely to be referred are 
those learning disabled children who do not have a known 
cause for their learning disability and children experienc­
ing balance and equilibrium difficulties. Although this 
would be the ideal situation, realistically there are very 
few programs using sensory integrative therapy and incor­
porating this type of program would be costly. Resistance 
could also be encountered within school systems since this 
type of therapy is often felt to be needed only for physical­
ly disabled children. 
Once the researchers have integrated their information 
and tested each theory using the best techniques and larger 
populations, positive conclusions may be arrived at con­
cerning the learning disabled child with vestibular dys­
functioning. At the present time, the available data are 
insufficient to identify the possible deficiencies of the 
various therapy approaches. Definite conclusions can not 
be made as to the importance of vestibular dysfunctioning 
in the learning disabled child and its relationship to aca­
demic learning. From the limited research currently avail­
able it is very unclear whether or not vestibular problems 
interfere with learning. Hypotheses have been stated and 
supportive data presented. However, the significance of 
the information is often questionable and non-confirming 
results have been found as well. 
It must be recognized that the possibility of negative 
reactions to therapy exist. More extensive and intense re­
search is necessary to establish positively the importance 
of vestibular dysfunctioning and to document its relation­
ship to learning disabilities. 
CHAPTER III 
SUMMARY 
The vestibular system is located in the non-auditory 
portion of the middle ear and consists of the vestibular 
tracts and nuclei and the parts of the CNS that are con­
nected to those vestibular tracts and nuclei. The vestib­
ular system is responsible for the maintenance of equilib­
rium, spatial orientation, direction of eye gaze, mainten­
ance of a plane of vision dependent on head position, direc­
tion of movements, and associates the visual, tactile, and 
proprioceptive sensory input with body or environmental 
movements (Ayres, 1972a; Carpenter, 1976). 
A child experiencing vestibular dysfunction appears 
to be clumsy, uses rigid movements, has depth perception 
and spatial orientation problems, and a poor self-concept 
along with other difficulties (Frank and Levinson, 1975­
1976; Shaffer, 1979). These problems can be carried into 
adulthood. 
Several methods for evaluating the vestibular system 
have been established. Ayres has devised two tests which 
identify sensory integration problems. The first is the 
Southern California Sensory Integration Test (SCSIT) which 
tests motor activities and the other is the Southern 
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California Postrotary Nystagmus Test (SCPNT) in which rapid 
rotation is used to determine nystagmus reactions. Caloric 
testing is a second method used to elicit nystagmus. Nys­
tagmus is rapid and slow eye movement pattern~. .Electronys­
tagmography is a process used to measure and record nystag­
mus through electrodes. Quiros (1976) advocates a neuro­
labyrinthine examination including caloric and rapid rota­
tion tests. 
Testing of reflexes is also used in determining vestib­
ular dysfunction. Frank and Levinson use an extremely dif­
ferent test in which they record the speed at which a visual 
stimulus causes the subject to report the occurrance of 
blurring. 
Frank and Levinson (1975-1976) believe that incidence 
of dysmetric dyslexia and dyspraxia for males and females 
is the same even though the. reported ratio of males to fe­
males is very high. They found this ratio to increase with 
~ge and concluded that boys are referred more often than 
girls due to psychological factors adversely effecting the 
boys while girls compensate more readily. 
Frank and Levinson (1975-1976) describe two types of 
dysfunction, primary and secondary dysmetric dyslexia and 
dyspraxia. Two types of dysfunction are also interpreted 
by Ayres (1976)--a left hemisphere dysfunction and a ves­
tibular dysfunction. It is the effect of vestibular dys­
function on learning disabled children that this paper has 
explored. 
A relationship was found between learning disability 
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and nystagmus. Many learning disabled children studied had 
hyporesponsive or hyperresponsive reactions when tested al­- , 
though many of the studies did not report statistically sig­
nificant relationships between abnormal nystagmus and learn­
ing disabilities. 
Many studies have been designed to show a relation­
ship between vestibular disorders and reading scores. In 
research conducted by Frank and Levinson, perceptual motor 
tests were used for determining spatial orientation prob­
lems which relate to reading difficulty. In one study of 
250 dysmetric dyslexic and dyspraxic subjects, 97% evidenced 
cerebellar-vestibular dysfunction. Various studies con­
ducted by Ayres also showed academic improvements for learn­
ing disabled children given sensory integrative therapy, 
especially those with hyporesponsive nystagmus and younger 
children. 
A relationship between vestibular dysfunction and lan­
guage ability has also been suggested. Although statistical 
significance was not reached, Ayres (1972b) found that an 
experimental group improved on two subtests of the ITPA 
after sensory integrative therapy. Research done in 1978 
reports that a relationship can not be established between 
language ability and vestibular system functions. Stilwell, 
Crowe, and Mc Cullum (1978) believe that language acquisi­
tion, sensory integration, and depressed nystagmus are re­
lated. 
Possible relationships have been proposed in other 
areas. ottenbacher (1978) concluded that the SCPNT was 
57 
the best predictor of muscle tone and children with a 
depressed nystagmus were also hypotonic. 
In addition, behavior problems have been explored. 
Using a small sample size, Jung-Finocchiaro (1.974) found 
that the group with vestibular dysfunction displayed more 
behavior problemsi as reported by parents and teachers. 
Ottenbacher, Short, and Watson (1979) compared the behaviors 
of boys and girls and found that those with lower nystagmus 
scores exhibited more behavior problems. The boys also had 
more behavior problems than the girls. Although their re­
search did not conclusively associate behavior problems 
with vestibular-oculomotor deficits, the research is sug­
gestive of such a relationship. 
Two major remediation procedures have been proposed. 
Ayres (1.972a; 1.975) uses sensory integrative therapy. This 
includes improving postural reflexes, developing praxis and 
form and space perception, and improving the interaction of 
both sides of the body. Frank and Levinson (1975-1.976; 1.976­
1.977; 1977) use anti-seasicltness and anti-motion medications 
to assist the cerebellum in slowing do\vn the rate at which 
sensory information is sent to the cortex for interpretation. 
The remediation techniques currently available require 
administration by trained professionals. Educators should 
be made aware of the symptoms of vestibular dysfunction in 
order to make early recognition and treatment possible. 
More research is needed to better understand the effect of 
vestibular dysfunction on learning disabled children. The 
possible benefits to these children cannot be realized until 
this is accomplished. Proper methods and larger sample 
sizes are needed for further research. 
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